When the population panics raise to a certain extent, they can aggravate the confusion degree of crowd evacuation, leading to greater casualties further. Therefore, this paper proposes a nonlinear dynamic model describing crowd panic propagation, to support theoretically the effective evacuation guidance and control of panic-stricken crowd. 
INTRODUCTION
Disasters can lead to swarm panic during the evacuation crowd, which is not only the cause of stampede but also the cause leading to the expansion of the consequences. In recent years, scholars pay more and more attention to the multidisciplinary research, such as comprehensive social science, management science, information science and system science [1] . Further research has been conducted to explore the formation and propagation of panic in evacuation and panic's effect on stability of the crowd. Therefore, simulation results have been becoming closer to the real situation. However, panic psychology is complex, with the character of timedegeneration and non-replicability. What's more, evacuation of crowd is a complex process of non-linear, unstructured and self-organizing [2] . Therefore, it is difficult to analyze the instability process and evolution mechanism with the classical Lyapunov function [3] [4] [5] .
Domestic research on panic has entered its infancy [6] [7] [8] , but there are some shortcomings. On the one hand, there are few microanalysis, and the existing models mostly study the problem of panic propagation from a macro perspective. On the other hand, the classical model of panic propagation lacks timevariability and has not yet formed a method of operational analysis. What's more, the classic model which reflects the personal panic degree is fixed. In reality, the degree of panic in the crowd is "situational dependence". In the situation without guidance, the individual's panic degree increases with the severity of the disaster. In the situation with guidance, the guiding behavior has a stabilizing effect on the panic and the individual's panic will be alleviated. Due to these features above, panic needs dynamics analysis.
II. TWO DIMENSIONAL PANIC PROPAGATION MODEL

A. Under Normal Circumstances
The normal circumstance refers to the natural movement state of the people without disasters. The distance between evacuation individuals is randomly distributed, and there exists social force (self-thrust and thrust) between evacuation individuals. Based on the theories mentioned above, this paper establishes a classic social force model. This method transforms the social force model into momentum to analyze the panic propagation. As shown in Eq. (1). 
B. Panic Propagation Model
When disasters occur, a large number of people usually accumulates in a region, and then the individuals want to reach a certain destination 0 i l  as much as possible [9] . Therefore, the evacuation individuals will not detour. That is to say, the individual can walk along the shortest path as far as possible. This road is usually a polygon shape, and it's edges satisfy 
is self-thrust, which is not generated from external factors, but from each individual itself.
Out-thrust is the force of interaction deriving from collide with each other and the boundaries? The movement of evacuation individuals is influenced by another evacuation individual, especially evacuation individuals keep a certain distance from other evacuation individuals [10] , which depends on the evacuation individuals' desired speed 0 i v . Generally speaking, the closer an individual is to a stranger, the more uncomfortable they feel. Thus, the exclusion of evacuees from j to i is occurred. As shown in Eq. (4).
where the exclusion potential
is a monotonically increasing function of b, this repulsion potential has the equipotential lines in elliptic form, pointing to the direction of motion. Evacuation Individuals prepare a space for the next step in walking, which is also considered by other evacuation individuals, where b denotes the semi-minor axis of the ellipse and b Satisfies Eq. (5). 
The main difference is that the attractiveness ik f  normally decreases over time. Therefore, the mutual attraction is the reason for the form of evacuation individual groups [11] .
However, the Eq. above for attracting and repulsion is only used in a state that is perceived in the desired direction ) (t e i  of the movement. The situation behind the evacuating individual will be fainted, and we denote by c (0 <c <1) [12] . To account for this sensitive role, introduce a measure that depends on direction. As shown in Eq. (7).
In summary, the exclusion or attraction of evacuees is given by Eq. (8) and (9).
Since evacuation individuals decide where they want to move, this paper establishes the equation for the total motivation ) (t f ij  evacuated by individuals. As shown in Eq.
(10).
Evacuating individuals also maintain a certain distance from the boundaries, walls, streets, obstacles of the building. The closer evacuating individuals get to the obstacle, the more disastrous they are. That is to say, the evacuee will have to pay more attention to the danger of being injured [13] . Therefore, a boundary W elicits a repulsive effect, as shown in Eq. (11) . According to Helbing's 'Psychological-Behavioral' panic fluctuation model [3] , the degree of panic was calculated from the changes of stress level and speed of evacuees, and the panic degree was mapped to the diameter of the ball. The level of panic can be expressed as Eq. (12).  is the characteristic time 
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is the variation of the tangential velocity. (15) where i D  is the amount of change in ball's diameter in a case of panic [17] .
In a panic situation, the ball diameter changes, resulting in changes in the mass of evacuation individuals. As shown in Eq. (16) .
where i m  is the amount of change in the mass of the ball, and i  is the density of the ball [18] . i P   can be expressed by (17) .
are respectively the projection of the momentum variation on x -axis and the y -axis. The vector addition is performed on the x -axis and the y -axis to obtain the value of increased by 20 after the propagation of two person, accounting for 17.7% of the pre-panic momentum. That is to say, the panic degree of evacuation individual has increases by 17.7%. 
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IV. CONCLUSION
In order to study the influence of panic psychology on evacuation of population effectively, this paper provides a new method nonlinear dynamics model for panic propagation based on ball collision principle, which provides method and support for emergency evacuation of panic population under disaster conditions. This nonlinear dynamics model of panic transmission has a very important role on crowd evacuation in the large-scale urban area [19] .
